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[57] ABSTRACT

A collision detection/drive stoppage method capable of
promptly detecting a collision of machine operating
parts driven by servomotors with a foreign object, and
of promptly stopping drive of the machine operating
parts upon detection of a collision, thereby preventing
or lessening damage to a machine, etc., caused by the
collision. A digital signal processor of an axis controller,
forming a software servo system, periodically calculates
a velocity deviation (ev) in accordance with a command
velocity (Vc) calculated based on a command from a
main computer and an actual motor velocity (V) from a
pulse coder of the servomotor (S2), determines whether
the absolute value (] ev—ev’|) of the difference between
the velocity deviation of the current servo control per-
iod and that of the previous control period is smaller
than a collision discriminating reference value (ERR)
(S3), and causes an alarm to be displayed and at the
same time delivers a torque command having a value of
zero to stop rotation of the servomotor (S8, S9) when
the absolute value is larger than the reference value.

9 Claims, 7 Drawing Sheets

S8

< 1,DISPLAY ALARM

S5

=

S6

S7



5,214,362

U.S. Patent May 25, 1993 Sheet 1 of 7

FIG. |

START

— S1
' YES
NO
2
S3
S4

A<A+(Vc-V)XK1
S5
~ {Tgc=A+(Vc-V)xKv SO

.
s

D



U.S. Patent May 25, 1993 Sheet 2 of 7 5,214,362

FIG.2

S100
' N

© YES 0
o .
A<A+(Vc-VIXK1 S101
S103
4@» YES
7 S104

‘ S105

_ 108



U.S. Patent May 25, 1993 Sheet 3 of 7 5,214,362

FI16.3

SZOO

ev=Vc-V S201

S202
NO S207

F< 1 DISPLAY ALARM

Vce(
A<(

S203 1 A<A+(Vc-V)xK1

Tqc=A+(Vc—-V)XKv S204 5208
eveVe-V S205
T<INT|E K l S206
ERR«Tab(I)



U.S. Patent May 25, 1993 Sheet 4 of 7 5,214,362

FI1G.4

START

S300
YES

NO
A<A+(Vc-V)XK1 S 301

Tgc=A+(Vc-V)XKv}—~S5302

S303
YES

' S304
NO

=1, DISPLAY ALARM

5305 \

2> O
i
o

' S_306 Tgc=A+(Vc-V)xKv

S307 — OUTPUT Tqc

S308 Tqd«Tqc

1<INT|-XE]
ERR<«<Tab(I)

- S308

END



U.S. Patent May 25, 1993 Sheet Sof 7 5,214,362

FI1G.S

START

S500
YES

| NO
ERR<ERRnN =901
SH503 .
NO $S508
- YES ~ DISABLE ERROR EXCESS
S504 ™1 A«A+(Ve-VIXK1 ATARM FINGTION
S505——Tqc=A+(Vc-V)xKv
_ S509
S506

END



5,214,362

LOHdNS
A40M

LINQ
LOdNI

™
o
(]
\&
@ TANVd
- NOIIV¥3dO
17 |
6

ANALIVY 8
" _
3 e .
%., 130d WVY LINDOY¥ID | INVANAd
N VINIS JOWdW VLV 4AMOd ONIHOVAL
p

U.S. Patent
O
O
L



U.S. Patent May 25, 1993 Sheet 7 of 7 5,214,362




5,214,362

1

METHOD FOR DETECTING A COLLISION AND
STOPPING DRIVE OF A MACHINE DRIVEN BY
SERVOMOTORS

TECHNICAL FIELD

The present invention relates to a method capable of
promptly detecting a collision of machine operating
parts driven by servomotors with a foreign object and
of promptly stopping drive of the machine operating
parts upon detection of a collision.

BACKGROUND ART

During operation of a machine, if a foreign object
enters the working region of a machine operating part,
it interferes with the machine operating part, possibly
impeding normal operation or even damaging the ma-
chine. Conventionally, various methods have been em-
ployed to avoid such an inconvenience.

For example, a collision of a machine operating part
with a foreign object is detected by using a touch sensor
mounted to the outer surface of the machine operating
part. The provision of the sensor, however, entails an
increase in the cost of the machine, and it is not possible
to detect a collision of the machine operating part with
a foreign object occurring outside the operable region
of the sensor. In those types of machines in which the
machine operating parts thereof are driven by servomo-
tors, it is known to detect a collision of a machine oper-
ating part with a foreign object by detecting an increase
in the driving current for the corresponding servomotor
in excess of a predetermined discrimination current
value caused by the collision. However, there is a con-
siderable period of time from the occurrence of the
collision until the servomotor driving current actually
reaches the discrimination value. Therefore, a delay in
the collision detection is inevitable and thus the colli-
sion can bring about greater damage due to the delay.
Other types of machines, e.g., industrial robots are
known in which a collision discriminating process 1s
executed by a built-in computer in accordance with a
sensor output or the detected value of the servomotor
driving current. Namely, in machines of this type, the
collision discriminating process is executed by the com-
puter which is used for controlling the robot; in other
words, both the collision discriminating process and the
robot control are carried out by the same computer.
The robot control, however, involves a variety of com-
plicated data processings, and accordingly, execution
periods of the control process and the collision discrimi-
nating process of the computer become inevitably long.
Consequently, time passes until the collision discrimi-
nating process is completed after an occurrence of colli-
sion, thus further increasing the delay in the collision
detection.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
method which is capable of promptly detecting a colli-
sion of machine operating parts driven by servomotors
with a foreign object and also capable of promptly
stopping drive of the machine operating parts upon
detection of a collision, thereby preventing or lessening
damage to a machine, etc., caused by the collision.

- To achieve the above object, according to the present
invention, a method of detecting a collision and stop-
ping drive of a machine driven by a servomotor, com-
prises the steps of: (a) periodically detecting a value of
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a collision discriminating parameter associated with a
driving force of the servomotor; (b) periodically detect-
ing an amount of change in the collision discriminating
parameter value; (c) determining that a collision has
occurred, when the amount of change in the collision
discriminating parameter value becomes larger than a
discrimination reference value; and (d) controlling the
servomotor such that when an occurrence of a collision
is detected, rotation of the servomotor 1s stopped.

According to the present invention, when the amount
of change in the collision discriminating parameter
value becomes larger than the discrimination reference
value, it is determined that a collision has occurred 1n
the machine driven by the servomotor, and rotation of
the servomotor is stopped. Therefore, the occurrence of
a collision can be quickly detected without using a spe-
cial sensor, and the drive of the machine can be
promptly stopped, whereby damage to the machine,
etc. caused by the collision can be prevented or less-
ened.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a flowchart of a control program for execut-
ing a collision detection/drive stoppage method ac-
cording to a first embodiment of the present invention;

FIG. 2 is a flowchart similar to FIG. 1 according to
a second embodiment of the invention;

FIG. 3 is a flowchart similar to FIG. 1 according to
a third embodiment of the invention;

FIG. 4 is a flowchart similar to FIG. 1 according to
a fourth embodiment of the invention;

FI1G. 5 is a flowchart similar to FIG. 1 according to
a fifth embodiment of the invention;

FIG. 6 is a block diagram schematically showing a
principal part of an industrial robot to which the
method according to the first embodiment is applied,;

FIG. 7 is a block diagram showing, by using transfer
functions, control characteristics of a servo system asso-
ciated with one axis of the robot of FIG. 6; and

FIG. 8 is a diagram showing a look-up table for stor-
ing collision discriminating reference values, used in the
method according to the third embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring first to FIG. 6, an industrial robot to which
a method according to a first embodiment of the present
invention is applied has an arrangement fundamentally
similar to a conventional one, and comprises a robot
mechanism 13 for carrying out predetermined tasks on
a subject 14 having various sensors (not shown), a con-
trol device having various elements described hereinaf-
ter, for controlling the robot mechanism 13, and various
sensors (not shown).

The robot mechanism 13 has various operating parts,
such as a series of links forming an arm, and an end
effector mounted to the distal end of the arm, etc. Each
of the operating parts (only one is shown with numeral
13a) is moved linearly or rotated relative to one or more
axes thereof by an associated actuator or actuators. The
actuators each comprise a servomotor (only one is
shown with numeral 135) which is preferably provided
with a velocity detector 13c.

The control device comprises a main computer 1 for
controlling the robot, which includes a microprocessor,
a ROM for storing a control program executed by the
microprocessor, a RAM for temporarily storing data,
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etc., and i1s arranged to send an operation command
such as a movement command for the individual axes of
the robot. |

An axis controller 2 cooperates with the servomotors
of the individual axes of the robot and servo amplifiers
associated therewith (one of which is illustrated with
numeral 12), to constitute digital servo systems for the
respective axes, i.e., software servo systems. Specifi-
cally, the axis controller 2 includes a digital signal pro-
cessor (not shown) having a position control function
21, a proportional control function 22, and integral
contro! functions 23 and 25, shown in FIG. 7. The axis
controller 2 1s arranged to send a torgue command
which varies in dependence on the movement com-

mand from the main computer 1, to a servo amplifier

which cooperates with the associated servomotor to
provide a control characteristic 24 shown 1n FIG. 7. In
FIG. 7, symbols Kp, Kv and K1 respectively denote the
position loop gain, proportional gain and integral gain
of the axis controller 2, Kt denotes the torque constant
of the servomotor, and J denotes the total inertia acting
on the output shaft of the servomotor. The axis control-
ler 2 further includes 2 memory (register) for storing a
collision discriminating reference value ERR described
hereinafter in detail, flag data F representing an opera-
tion mode of servo control of the digital signal proces-
sor, and velocity deviation data ev’ for the collision
discrimination.

The control device further comprises an I/0 unit 3
which is connected to the various sensors of the robot,
the various actuators, and to the various sensors of the
work subject 14; a serial port 4 connected to a teaching
pendant 7 and an operation panel 9; a RAM § serving as
a data memory and backed up by a battery 8; and a
power circuit 6 to which electric power is supplied
from an external power supply (not shown) through an
input transformer 11 and an input unit 10. The teaching
pendant 7 and the operation panel 9 are each provided
with a display unit (not shown). The main computer 1
and the aforementioned elements 2-5 connected to the
computer 1 are arranged to be supplied with electric
power through a back panel 16, and the robot mecha-
nism 13 is arranged to be supplied with electric power
through the input unit 10. Electric power is also sup-
plied to the servo amplifiers 12 through the input unit 10
and a servo transformer 15.

In the following, operation of the robot constructed
as above will now be described with reference to FIG.
1.

Before starting operation of the robot, the control
device shown in FIG. 6 is initialized and the flag data F
stored 1n the memory of the axis controller 2 is reset to
“0” (zero). Then, an operator operates the teaching
pendant 7 and the operation panel 9 to effect teaching to
the robot in a conventional manner, so that the teaching
data is stored in the RAM 5. Further, the operator oper-
ates the operation panel 9 to store the collision discrimi-
nation reference value ERR in the memory (register) of
the axis controller 2. This value ERR is set to a value
larger by a predetermined value than the maximum
amount of change of velocity deviation that can be
produced within a period corresponding to one execu-
tion period of servo control action of the axis controller
2 when the robot is operating normally.

When the robot is in operation, the main computer 1
successively executes various control actions at inter-
vals of a predetermined period. The control actions
include, for example, a process of calculating movement
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commands for the individual axes of the robot in accor-
dance with the teaching data stored in the RAM &.

The digital signal processor of the axis controlier 2
executes position control, velocity control and torque
control (servo control action) of the individual axes of
the robot and a collision discriminating action men-
tioned later, at intervals of a period which is shorter
than the period of execution of the control actions by
the main computer 1.

Namely, in a control period, the digital signal proces-
sor determines whether the flag F stored in the memory
of the axis controller 2 has been reset to “0” (Step S1 in
FIG. 1). If the flag F has been reset, then the result of
the determination in Step S1 is negative (NO). Accord-
ingly, the digital signal processor integrates (as indi-
cated by 25 in FIG. 7) the output of a velocity detector
mounted to the servomotor relating to the current exe-
cution period of control action. For example, the output
of the velocity detector 13c mounted to the servomotor
135, which output represents an actual rotation velocity
V of the associated servomotor is used to calculate an
actual rotational position Pf of the servomotor 1356. The
processor then calculates a velocity command Vc for
this servomotor in accordance with the difference (posi-
tion deviation) e€p between a command position Pc,
indicated by a command signal from the main computer
1, and the actual position Pf. Subsequently, the digital
signal processor calculates the difference (velocity de-
viation) €v between the calculated command velocity
Vc and the actual motor velocity V, as indicated by
reference numeral 26 in FIG. 7 (Step S2). It is then
determined whether an absolute value |ev—ev’| of
change in the velocity deviation during a penod corre-
sponding to one control period. This change is obtained
by subtracting the velocity deviation €v’ (described
later) calculated 1n the previous servo control penod
from the value ev calculated as described above to
determine whether the result is smaller than the colli-
sion discriminating reference value ERR (Step S3).

If the determination result in Step S3 1s affirmative,
the digital signal processor determines that the robot is
operating normally, and accordingly carries out a nor-
mal control action. Specifically, as indicated by refer-
ence numeral 23 in FIG. 7, the digital signal processor
calculates the product of the velocity deviation ev
(=Vc—V) and the integral gain K1, and adds the ob-
tained product to a vaiue A of an accumulator (Step
S4). Subsequently, as indicated by reference numeral 22
in FIG. 7, the processor calculates the product of the
velocity deviation ev (=Vc—V} and the proportional
gain Kv, obtains a torque command value Tqc by add-
ing the thus calculated value Kv-(Vc—V) to the value
A of the accumulator, and, after D/A conversion, out-
puts the value Tqc to the servo amplifier 12 (Steps S§,
S6).

The servo amplifier 12 causes a driving current corre-
sponding to the torque command value Tqc to flow
through the servomotor 13b, to rotate the same at the
velocity V and thus drive the associated robot operating
part 13a. The digital signal processor stores the devia-
tion Vc—V between the command velocity Vc and the
actual velocity V, in the register as the velocity devia-
tion ev’ to be used in the collision discriminating step
(S3) of the subsequent control period (Step S7), and
ends the process for the current control period. There-
after, the aforementioned process 1s repeated at inter-
vals of the predetermined control period.
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During operation of the robot according to the
above-described servo control, if the robot operating
part 13a collides, for example, with a foreign object
which has entered the work region of the operating
part, the actual rotational velocity V of the servomotor
135 is decreased or even the rotation of the servomotor
is stopped. In such a case, the velocity deviation €v
(=Vc—V)calculated in Step 2 during the servo control
period immediately after the occurrence of the collision
is abruptly increased. Accordingly, in Step 3 of the
'same control period, it is determined that the absolute
value |ev—ev'| of change in the velocity deviation
during the period from the time point of the previous
collision discrimination to the time point of the current
collision discrimination is larger than the collision dis-
criminating reference value ERR. In this case, the digi-
tal signal processor determines that a collision has oc-
curred, and accordingly, sets the flag F to “1” and
displays a message indicating the occurrence of the
collision at the display unit of the operation panel 9, for
example (Step S8). Subsequently, the torque command
value Tqc is set to *“0” (Step S9), and execution contin-
ues in Step S6. As a result, a torque command having a
value of “0” is sent to the servo amplifier 12 from the
axis controller 2 so that no driving current flows
through the servomotor 135 and thus the motor rotation
is stopped. The digital signal processor then executes
Step S7 to store the aforesaid velocity deviation, and
ends the process of the current control period.

Since the flag F is set to “1” in Step S8 of the current
control period, a process including a series of Steps S1,
S9, S6 and S7 is repeatedly executed in the next and
subsequent control periods, whereby the motor stop-
page is maintained.

So far, the operation relating to only one control axis
of the robot has been described, but the above equally
applies to the other axes. |

Now, a collision detection/drive stoppage method
according to a second embodiment of the invention will
be described with reference to FIG. 2.

As distinct from the method of the first embodiment

in which the collision detection is based on the amount

of change in the velocity deviation, according to the
method of the second embodiment, the collision detec-
tion is carried out based on the amount of change in the
torque command. The method of this embodiment and
those according to embodiments described hereinafter
are applied, for example, to the robot shown in FIG. 6.

During normal operation of the robot, the digital
signal processor of the axis controller 2 determines that
the value of the flag F is not equal to “1”, in Step S100
in each of the servo control periods, and obtains the
velocity deviation ev (=Vc¢—V) by a process similar to
that of Step S2 in FIG. 1. The processor then executes
torque command value calculation steps S101 and 5102
corresponding to Steps S4 and S5, respectively. Subse-

quently, the digital signal processor obtains an amount.

of change in the torque command value by subtracting
the torque command value Tqc' of the previous servo
control period from the thus obtained torque command
value Tqc, and determines whether the absolute value
thereof, i.e.,, | Tqc—Tqc’|, is smaller than the collision
discriminating reference value ERR (Step S103). This
value ERR is set to a value larger by a predetermined
value than the maximum amount of change of torque
command that can be produced within a period corre-
sponding to one servo control period when the robot 1s
operating normally, and is previously stored in the reg-
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6

ister of the axis controller 2 before operation of the
robot is started. If the determination result in Step S103
is affirmative, the digital signal processor determines
that the robot is operating normally, and, after execut-
ing the torque command value calculation step S106
corresponding to Step S6, stores the value Tqc calcu-
lated in Step S102, in the register as the value Tqc' for
use in the collision discrimination process (S103) of the
subsequent control period (Step S107), followed by
termination of the process of the current control period.

During operation of the robot, if the robot operating
part 13 collides with a foreign object, the actual rota-
tional velocity V of the servomotor 13 drops or even

the rotation of the servomotor stops. In such a case, the

velocity deviation ev (=Vc—V) calculated during the
control period immediately after the occurrence of the
collision abruptly increases and accordingly, the torque
command value Tqc calculated in Step S102 of the same
control period abruptly increases. Consequently, the
determination in the collision discriminating step $103
becomes negative (NO). The digital signal processor
then executes Steps S104 and S105 corresponding to
Steps S8 and S9, respectively, to give warning of the
occurrence of a collision and stop the rotation of the
servomotor. The stoppage of the motor is maintained in
the next and the following control periods. |

Next, a collision detection/drive stoppage method
according to a third embodiment of the invention will
be described with reference to FIGS. 3 and 8.

The third embodiment is fundamentally similar to the
first embodiment, but differs therefrom in that the colli-
sion discriminating reference value is varied In accor-
dance with the command velocity. Also, a torque com-
mand value proportional to the actual motor velocity
and acting on the motor to rotate it in a direction oppo-
site to the actual rotational direction is delivered to
servo amplifier 136 when a collision occurs.

To this end, the memory of the axis controller 2 1s
provided with a look-up table Tab for storing collision
discriminating reference values respectively corre-
sponding to N+ 1 command velocity ranges. As shown
in FIG. 8, the table Tab has N+ 1 addresses I (=0, 1, .
.., N), the zero-th address corresponding to the zero-th
command velocity range of which the command veloc-
ity Vc is “0”, and at which address a collision discrimi-
nating reference value ERRO is stored. The value
ERRO is used to detect a collision when the drive of the
servomotor is started. The i-th address (i=1,2,..., N)
corresponds to the i-th velocity range, the absolute
value of the command velocity Vc of which is larger
than (i—1)-Vcmax/N and is equal to or smaller than
i-Vemax/N, and a reference value ERRI is stored at this
address; here, Vcmax represents the maximum com-
mand velocity, and N represents the integral number
smaller than the command velocity range number by
“1”. The value ERRI is set to such a value that the
relationship ERRi<ERR;; is fulfilled, and accord-
ingly permits a wider variation in the velocity deviation
as the command velocity increases. In other words,
taking account of the fact that the amount of drop in the
rotation velocity of the motor becomes larger with an
increase in the motor rotation velocity at collision, the
reference value is set such that the occurrence of a
collision can be detected as early as possible while
avoiding an erroneous collision detection.

Referring to FIG. 3, during operation of the robot,
the digital signal processor of the axis controller 2 suc-
cessively executes Steps S200 to S204 corresponding to
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Steps S1 to S5 of FIG. 1 and relating to the collision
discrimination, calculation of the torque command
value, etc., and sends the resultant torque command
value Tqc to the servo amplifier 12. Then, after execut-
ing the velocity deviation storage step S203 corre-
sponding to Step S7, the digital signal processor deter-
mines to which of the N4 1 command velocity ranges
the command velocity V¢ belongs (Step S206). Namely,
the digital signal processor obtains a value Vc/K by
dividing the command velocity Vc by an arithmetic
constant K (=Vcmax/N), raises the fractions of the
first and lower decimal places of the calculated value
Vc/K to a whole number to thereby obtain a value
Vc/K expressed as an integral number, and obtains an
absolute wvalue thereof (hereinafter referred to as
INT|Vc/K|). The value INT|Vc/K| indicates an ad-
dress I (0, 1,..., N) of the look-up table corresponding
to the command velocity range to which the command
velocity Vc belongs. Namely, the following equation
(1) 1s fulfilled:

I=INT| Vc/K| (D

Subsequently, the digital signal processor reads the
required collision discriminating reference value ERRI1
(i=0, 1, ..., N) from the Ith address of the look-up
table Tab, and stores this reference value in a predeter-
mined register of the axis controller 2 (Step S206).

If, during operation of the robot, the determination in
the collision discrimination step S202 becomes NO, the
digital signal processor sets the flag F to “1” and dis-
plays an alarm in Step S207 which corresponds to Step
S8. The collision discriminating reference value ERR
used in Step S$202 corresponds to the maximum allow-
able amount of decrease in the motor velocity which
varies in accordance with the command velocity, as
described above, whereby the collision detection can be
reliably and quickly carried out. Then, in Step S208, the
command velocity value V¢ and the value A of the
accumulator A are set to “0”, and Step $S204 1s entered
to calculate the torque command Tqc. The calculated
torque command Tqgc can be expressed by the following
equation (2):

Tgc= — V.Kviwhen A=0; Vc=0) (2)

Next, the digital signal processor executes the afore-
mentioned Steps S205 and S206 for storing the velocity
deviation and selecting the collision discriminating ref-
erence value, and ends the process for the current con-
trol period. In the subsequent control periods. The pro-
cessor delivers the torque command value Tqc given by
the equation (2). In this manner, after the detection of a
collision, the torque command value proportional to the
actual velocity V of the servomotor and acting on the
servomotor to rotate 1t in a direction opposite to the
‘actual rotational direction 1s delivered to the servo am-
plifier 12. Accordingly, the servomotor 135 1s quickly
and smoothly braked, and thus the rotation thereof is
stopped in a short time, thereby stopping the drive of
the robot operating part 13¢. The torque command
value Tqc is gradually decreased with a decrease 1n the
actual motor velocity after the occurrence of the colli-
sion.

Now, a collision detection/drive stoppage method
according to a fourth embodiment will be described
with reference to FIG. 4.

The fourth embodiment is fundamentally similar to
the second embodiment, but differs therefrom in that
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the collision discriminating reference value 1s varied in
accordance with the command velocity. Moreover, a
torque command having a value proportional to the
actual motor velocity and acting on the motor to rotate
it in a direction opposite to the actual rotational direc-
tion is delivered to servo amplifier 12 when a collision
occurs. The fourth embodiment thus is similar to the
third embodiment in these respects. To this end, a table
(not shown) similar to the look-up table Tab shown in
FIG. 8 is used, which table stores collision discriminat-
ing reference values corresponding to N+ 1 command
velocity ranges, respectively, such that the collision
discriminating reference value is increased with an 1in-
crease in the command velocity. The collision discrimi-
nating reference value used in this embodiment, how-
ever, represents an allowable amount of change in the
torque command during a period corresponding to one
control period, and accordingly differs in magnitude
from the collision discriminating reference value in
FIG. 8 representing the allowable amount of change in
the velocity deviation.

Referring to FIG. 4, during normal operation of the
robot, the digital signal processor sequentially executes
Steps S300 to S303, S307 and S308 for the confirmation
of operation mode of the processor, calculation of the
torque command value, collision discnmination and
storage of the torque command value, corresponding to
Steps S100 to S103, S106 and S107 in FI1G. 2, and then
Step S309 for the selection of the collision discriminat-
ing reference value, corresponding to Step S206 in FI1G.
3, 1n the order mentioned.

If a collision occurs during an operation of the robot,
the determination in the collision discrimination step
S303 corresponding to Step S103 in FIG. 2 becomes
negative (NO), and accordingly, the digital signal pro-
cessor executes Step S304 for the switching of the pro-
cessor operation mode and alarm display, correspond-
ing to Step S104 in FIG. 2, Steps S305 and S306 for the
calculation of the torque command value at collision,
corresponding to Steps S208 and S204 in FIG. 3, re-

~ spectively, and then the aforementioned Steps S307 to
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S309. Accordingly, similar to the case of the third em-
bodiment, the servomotor 13b is quickly braked after
the collision detection, in accordance with the torque
command value Tqc which 1s proportional to the actual
servomotor velocity V and acts on the servomotor to
rotate it in a direction opposite to the actual rotational
direction.

Next, a collision detection/drive stoppage method
according to a fifth embodiment will be described with
reference to FIG. 3.

The fifth embodiment is fundamentally similar to the
first embodiment, but differs therefrom in that the colli-
sion discriminating reference value is varied 1n accor-
dance with the type of an operation command read
from a program by the control device of FIG. 6, and
that an error excess alarm function of the control device
of FIG. 6 1s disabled when a collision occurs.

To this end, the fifth embodiment employs a look-up
table (not shown) similar to the table Tab of FIG. 8,
which stores a desired number of collision discriminat-
ing reference values. The collision discriminating refer-
ence values are set corresponding to the types of opera-
tion commands. For example, GO1 code represent lin-
ear interpolation, GO2 code represent circular interpo-
lation, etc., to provide a collision discrimination best
suited to the operating condition of the machine operat-
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ing part which condition varies in accordance with the
type of the operation command being executed. Fur-
ther, according to this embodiment, the error excess
alarm function is disabled upon detection of a collision,
for the following reason: The error excess alarm func-
tion for deenergizing the servomotor when a posttion
deviation (the difference between a command position
and an actual position), which is a control parameter in
the servo control system, 1s t00 large may be effected
when a collision occurs wherein the position deviation
is increased. In such a case, the servomotor can no
longer be operated under the control of the axis control-
ler 2, and therefore, the error excess alarm function may
obstruct the execution of the method of the invention in
which the rotation of the servomotor should be stopped
after the detection of a colhision.

Operation of the robot to which the fifth embodiment
is applied is substantially the same as that of the first or
third embodiment. During normal operation of the ro-
bot, Steps S500 and S502 to S507 corresponding respec-
tively to Steps S1 to S7 in FIG. 1 are executed. The fifth
embodiment differs from the first or third embodiment
in that the collision discriminating reference value ERR
corresponding to the type of operation command asso-
ciated with the current control period is read from the
memory in Step S501 preceding the collision discrimi-
nation step S503. When a collision occurs, the error
excess alarm function of the robot control device is
disabled in Step S508, so that the servomotor can be
operated under the control of the axis controller 2 even
after the occurrence of the collision. Immediately after
the occurrence of a collision, Steps S509, S§10, S506
and S507 corresponding to Steps S8, §9, S6 and S7 n
FIG. 1, respectively, are executed, and thereafter Steps
$500, S510, S506 and S507 corresponding respectively
to Steps S1, S9, S6 and S7 are executed.

The present invention is not limited to the first to fifth
embodiments described above, but is applicable to vari-
ous machines other than robots and various modifica-
tions are possible. FFor instance, the above embodiments
describe specific combinations of the collision discrimi-
nating parameter (velocity deviation or torque com-
mand value), the collision discriminating reference
value (which is fixed, or varied in accordance with the
command velocity or the type of operation command),
the torque command value (*“0” or *“—Kv”) delivered
after the detection of a collision, and the process of
disabling the error excess alarm function, other combi-
nations of these are possible. For example, the process
of disabling the error excess alarm function, descrbed
in the fifth embodiment, may be applied to the first to
fourth embodiments. Further, in the second embodi-
ment, the collision discriminating reference value may
be varied in accordance with the type of operation
command, as in the fifth embodiment.

In the third and fourth embodiments, the collision
discriminating reference value is obtained from the
look-up table in accordance with the command veloc-
ity, but a required collision discriminating reference
value may be calculated by the use of a formula which
is experimentally determined beforehand and repre-
sented as a function of the command velocity. Further-
more, although the foregoing embodiments use the
collision discriminating reference value which is fixed
or variable in accordance with the command velocity
or the type of operation command, the collision dis-
criminating reference value may alternatively be vaned
in accordance with the operated position of the machine
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operating part. In this case, for example, a required
number of collision discriminating reference values may
be stored in a look-up table, corresponding to sequence
numbers which represent a series of blocks in a control
program of various machines and thus indicate operat-
ing position regions.

Moreover, the product of the maximum amount of
change in the velocity deviation or torque command
value during a period corresponding to one servo con-
trol period and the safety coefficient may be used as the
collision discriminating reference value. In this case,
based on the velocity deviations or torque command
values periodically detected while the machine is oper-
ating normally, the amount of change in the velocity
deviation or torque command value between the previ-
ous and current detection periods is sequentially calcu-
lated and stored in individual detection periods, and the
maximum amount of the change is obtained after the
machine operation is ended. In doing this, the maximum
amount of change may be obtained for respective types
of operation commands or for respective operating
position regions of the machine operating part.

Further, the sum of the absolute value of the differ-
ence between the previous velocity deviation ev’ and
the current velocity deviation €v or of the difference
between the previous torque command value Tqc’ and
the current torque command value Tqc and a predeter-
mined value B, namely, J|ev—ev'|+B or
' Tqc—Tqc'| + B, may be calculated in each servo con-
trol execution period, and the sum obtained may be used
as the collision discriminating reference value for the
subsequent control period.

In the fourth embodiment, the torque command value
Tqgc is obtained in accordance with the formula
Tgc=A+(Vc—V)Kv in an operation routine, and 1in
line therewith, the torque command value after the
detection of a collision is obtained by substituting zero
for the terms Vc and A in the formula. Alternatively,
the command value Tqc after the collision detection
may be calculated in accordance with the formula
Tqc=—V:Kv.

According to the present invention, the following
advantages are achieved. -

(i) Since the occurrence of a collision 1s detected in
each of the execution periods of servo control action of
the digital signal processor, a collision can be detected
in the servo control period immediately after the occur-
rence of the collision. Accordingly, the delay in the
collision detection is equal at the longest to one execu-
tion period of servo control action of the digital signal
processor. Therefore, a collision can be detected more
quickly than in the case of detecting a collision by using
the main computer of the control device installed in
various machines.

(ii) The torque command having the value “0” or the
torque command having a value proportional to the
actual motor velocity after the occurrence of a collision
and acting on the motor to rotate it in a direction oppo-
site to the actual rotational direction is delivered upon
and after detecting the occurrence of a collision. Ac-
cordingly, the motor rotation can be quickly and
smoothly stopped upon occurrence of a collision and
damage to various machine parts caused by the collision
can be minimized.

(iii) The collision discriminating reference value 1s so
set as to be variable in accordance with the command
velocity, the type of operation of the machine operating
part, etc. Therefore, the occurrence of a collision can be
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quickly detected regardless of operating condition of
various machines, and erroneous detection can be elimi-
nated. |

We claim: -

1. A method for detecting a collision and for stopping
a machine driven by a servomotor providing a driving
force, comprising the steps of:

(a) periodically detecting a collision parameter of the
driving force of the servomotor, said collision pa-
rameter corresponding to one of a deviation be-
tween a command velocity delivered to the servo-
motor and an actual rotational velocity of the ser-
vomotor, and a deviation between successive
torque command values delivered to the servomo-
tor;

(b) periodically detecting an amount of change in the
collision parameter;

(c) determining if a collision has occurred, when the
detected amount of change in the collision parame-
ter becomes larger than first reference value; and

(d) stopping rotation of the servomotor when occur-
rence of a collision 1s so determined.

2. A method according to claim 1, wherein the ma-
chine includes a main computer, having an execution
period for control actions, and wherein steps (a) and (b)
are executed at constant detection periods that are
shorter than the execution period of the control actions
of the main computer, and said detecting in step (b)
comprises the substep of:

determining a deviation between a first value of the
collision parameter detected in a first detection
period and a second value of the collision parame-
ter detected in a second detection period.

3. A method according to claim 1, wherein step (d)

comprises the sub-step of:

providing a torque command value having a value of
zero to the servomotor.

4. A method according to claim 1, wherein said stop-

ping in step (d) comprises the sub-step of:
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delivering a torque command having a magnitude
proportional to an actual rotational velocity of the
servomotor and an indicated direction opposite to
an actual rotational direction of the servomotor.

5. A method according to claim 1, further comprising
the step of:

(e) determining the first reference value in accor-

dance with a command velocity.

6. A method according to claim 1, further comprising
the step of:

(e) determining the first reference value in depen-

“dence upon inputted operation commands.

7. A method according to claim 1, further comprnsing
the steps of: |

(e) providing an error excess alarm for deenergizing
the servomotor when a position deviation in the
machine exceeds a second reference value, and

(f) disabling the error excess alarm when a collision 1s
detected in step (c). |

8. A method according to claim 1, further comprises
the steps of:

(e) periodically detecting a value of the collision
parameter while the servomotor is operating nor-
mally;

(f) repeatedly calculating and storing an amount of
change between respective collision parameter
values; and

(g) selecting a maximum one of the calculated
amounts of change of the collision parameter val-
ues as the reference value.

9. A method according to claim 1, wherein step (c)
includes the sub-step of (cl1) periodically determining
whether the amount of change in the collision parame-
ter value is larger than the first reference value, and
wherein said method further comprises the step of:

(e) calculating a sum of the collision parameter values

detected in step (a), the calculated sum being used

as the first reference value in step (c1).
* * ¥ * %
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